Purpose Although guidelines caution against initiation of transdermal (TD) fentanyl among those who are opioid naïve, there is concern that not all people receive adequate prior opioid exposure. This study examined the percentage of people who are opioid naïve at the time of TD fentanyl initiation in Australia; strengths initiated; and characteristics associated with being opioid naïve. Methods This is a national retrospective cohort study derived from a 10% sample of Pharmaceutical Benefits Scheme concessional beneficiaries initiating TD fentanyl between 29 September 2009-31 December 2013. Individuals were deemed opioid naïve if they had no opioid dispensings in the previous 90 days. Logistic regression was used to determine characteristics associated with being opioid naïve, including socio-demographics, likely comorbidities and previous analgesic use. Results A total of 13,166 people initiated TD fentanyl; 60.4% were female and 76.2% were aged ≥ 65 years. Three in ten (30.4%) were opioid naïve and 63.2% initiated the 12 mcg/h patch. Those who were opioid naïve were more likely to be female (adjusted odds ratio (aOR) 1.35; 95% CI 1.25-1.46), older (aOR 1.85; 95% CI 1.54-2.28 for those ≥ 85 years) and previously dispensed medicines for dementia (aOR 1.37; 95% CI 1.04-1.80). People previously dispensed medicines for cancer were less likely to be opioid naïve (aOR 0.57; 95% CI 0.48-0.67). Conclusions Three in ten Australians initiating TD fentanyl are opioid naïve. Our findings suggest that specific patient subpopulations already at increased risk of opioid-related adverse events are not receiving prior opioid treatment before initiation, highlighting the need for greater adherence to current treatment guidelines.
Introduction
Fentanyl is a potent opioid widely used across many clinical settings to manage acute and chronic pain [1] . Transdermal (TD) patch preparations account for the majority of fentanyl consumption globally [2] , and are used clinically for the treatment of severe chronic cancer or non-cancer pain [1] . However, safety concerns regarding TD fentanyl initiation have been raised in several countries due to increasing reports of preventable adverse events resulting from inappropriate prescribing and incorrect use by patients [3] . In the USA, the Food and Drug Administration issued safety warnings in 2005 and 2007 emphasising the appropriate use of fentanyl patches, including correct application instructions for patients and the need for opioid tolerance to be established prior to initiation [4] . Similar safety alerts have since been issued by various agencies in Europe [5] and Australia, including the New South Wales (NSW) Therapeutic Advisory Group [6] .
National and international treatment guidelines recommend avoiding initiation of TD fentanyl in opioid-naïve patients (i.e. those without prior opioid exposure) unless in monitored clinical settings [7, 8] . This is due to the risk of excessive sedation and respiratory depression. However, substantial practice and knowledge gaps are evident with prescribing opioids for chronic non-cancer pain (CNCP), particularly in relation to the prescribing of TD fentanyl in opioid naïve patients [9] . Moreover, there appears to be a large variation in practices between countries. Earlier studies have shown that 40% of individuals in the Netherlands have not used other opioids prior to commencing TD fentanyl [10] , while 85% of individuals commencing TD fentanyl in Germany had no evidence of prior exposure to high-potency opioids [5] . In Canada, almost 75% of TD fentanyl initiations were considered 'unsafe' on the basis of inadequate opioid tolerance and older adults were more frequently opioid naïve [11] . Meanwhile in the USA, 52% of long-stay nursing home residents were deemed to be opioid naïve at the time of fentanyl initiation [12] .
Although guidelines specify the importance of establishing opioid tolerance prior to TD fentanyl initiation [7, 8] , fentanyl patches are currently subsidised on Australia's national medicines subsidy program (the Pharmaceutical Benefits Scheme (PBS)), for chronic, severe disabling pain that has previously been unresponsive to non-opioid analgesics [13] . Findings from an Australian cohort study of people with chronic noncancer pain (CNCP) in the community indicate that about 14.5% of people use fentanyl [14] . Overall, rates of fentanyl use are highest among older adults [15, 16] , with almost half of all use between 2009 and 2014 accounted for by people aged 70 years and over [16] . With the exception of one study among residential aged care facilities in NSW [17] , data on the safety of TD fentanyl use in the wider Australian population are limited. Hence, the overall aim of this study was to examine the nature of TD fentanyl initiation in Australian clinical practice. The specific objectives were to: determine the percentage of people that are opioid naïve at the time of TD fentanyl initiation; examine the strengths initiated; and determine the characteristics associated with being opioid naïve.
Methods

Study design
This is a secondary analysis of data from a nationally representative cohort study of people who initiated a strong prescription opioid analgesic in Australia between 29 September 2009 and 31 December 2013 [18, 19] .
Setting
The PBS is a national government-funded system that allows eligible Australian citizens and permanent residents to access prescription medicines. Under this scheme, the federal government subsidises the cost of a range of prescription medicines that are dispensed in approved community pharmacies, private hospitals and some public hospitals. During the study period, the PBS dataset captured all original and repeat dispensings for PBS-listed medicines attracting a government subsidy, which occurs when the price of a medicine is above the set PBS copayment threshold [20] . Each year the government sets two PBS co-payment thresholds: a general co-payment amount [e.g. 32 [21] , had complete ascertainment of their PBS records as all PBS medicines cost more than their co-payment threshold. This concession is available to individuals who receive a low household income and are entitled to government benefits (e.g. senior citizens and those who are unemployed or unable to work due to chronic illness or disability).
Data source
The Department of Human Services extracted de-identified dispensing records for a randomly-selected 10% sample of individuals initiating a strong PBS-listed opioid between 29 September 2009 and 31 December 2013 in accordance with an approved data request (n = 143,681) [18] . All individuals were aged at least 18 years at the time of their initial strong opioid dispensing and had no previous strong opioid dispensing in the 90 days prior to their initial dispensing date. The 90-day opioid-free window was selected on the basis of findings from sensitivity analyses examining the optimal window to apply to the dataset provided [18] . Basic socio-demographic information for the cohort, as well as all dispensing records of subsidised opioid and non-opioid medicines, were provided.
Opioids were classified as either strong or weaker in accordance with the World Health Organization's pain management plan, i.e. strong opioids are those which are indicated for moderate-severe pain (e.g. [22] ). Included opioids and corresponding Anatomical Therapeutic Classification (ATC) codes are listed in Appendix, Table A1 .
Study cohort
Applying the 90-day opioid-free window to TD fentanyl preparations only, a subset of individuals from the larger population who initiated TD fentanyl was identified. To obtain complete capture of dispensing records, the cohort was restricted to individuals who were concessional beneficiaries for the 90 days up to and including the date of TD fentanyl initiation (n = 13,288).
Covariates
Socio-demographic characteristics
Data based on the 2007 Statistical Local Area (SLA) of each individual's last recorded address was used to determine the socio-demographic characteristics of each individual's area of residence and remoteness classification. SLAs were linked to the Australian Bureau of Statistics 2011 Remoteness Areas classification system. Areas are defined as Major Cities, Inner Regional, Outer Regional, Remote or Very Remote according to the distance required to travel to access different services [23] . Where SLAs covered multiple remoteness areas, remoteness was defined by the category which represented the majority of the SLA. SLA data were also linked to the 2006 Index of Relative Socio-economic Disadvantage which represents the economic and social resources of people and households within an SLA (e.g. low income, low education, high unemployment). Each SLA is ranked into deciles on the basis of their relative lack of disadvantage (i.e. lower deciles indicate greater disadvantage) [24] , which were then collapsed into quintiles.
Opioid and non-opioid analgesic use prior to TD fentanyl initiation
To establish whether individuals were opioid naïve (i.e. had no evidence of previous opioid exposure) or were opioid exposed at the time of TD fentanyl initiation, use of any strong or weaker opioids in the 90 days up to and including the date of dispensing was evaluated. In light of current PBS restrictions for the subsidy of TD fentanyl [13] , prior use of nonopioid analgesics (listed in Appendix, Table A1 ) was also examined over the same period.
Medical conditions and co-morbidities
As indications for use are not included in PBS records, an adaptation of the RxRisk-V classification tool was used to identify treatment for specific medical conditions in the 90 days up to and including TD fentanyl initiation. The RxRisk-V tool uses data from records of dispensed medicines to identify existing medical conditions from 43 ATC code groupings and has previously been validated in the Australian setting [25] . The tool was subsequently modified to include newly registered medicines (Appendix , Table A2 ).
Statistical analyses
All analyses were conducted using SAS Enterprise Guide 5.3 (SAS Institute Inc., Cary, NC, USA). Logistic regression was used to calculate unadjusted and adjusted odds ratios (aORs) and 95% confidence intervals (95% CI) to determine characteristics associated with being opioid naïve. Records were excluded for 122 individuals with missing data on socioeconomic status and/or residence level of remoteness. The multivariable model was adjusted for sex, age, initiation on the 12 mcg/h patch, prior use of non-opioid analgesics, and medical conditions significant at the p < 0.05 level in the univariate analysis.
Ethical review
The protocol for this study was approved by the NSW Population and Health Services Research Ethics Committee (2013/10/481) and the Department of Human Services External Review Evaluation Committee (MI0166).
Results
Cohort demographics
A total of 13,166 people initiated TD fentanyl over the study period, with 30.4% (n = 4006) identified as being opioid naïve (Table 1 ). More than half of the cohort was female (n = 7946; 60.4%) and residing in a major city (n = 7941; 60.3%). Three quarters were aged ≥ 65 years with 52.8% (n = 6945) between 65 and 84 years and 23.5% (n = 3087) ≥ 85 years. Overall, 96.2% (n = 12,678) had evidence of at least one other medical condition besides pain, with 74.9% (n = 9856) dispensed a medicine for a circulatory system disease, 55.7% (n = 7330) a digestive system disease and 50.6% (n = 6660) a mental and behavioural disorder, primarily depression (n = 4970; 37.8%).
Fentanyl patch strengths initiated
The median patch strength initiated was 12 mcg/h (interquartile range [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] , representing the lowest patch strength available in Australia over the study period. Overall, 63.2% (n = 8319) of individuals initiated on the 12 mcg/h strength, followed by 25.1% (n = 3306) on the 25 mcg/h and 6.9% (n = 904) on the 50 mcg/h strength ( Table 2 ).
Opioid and non-opioid analgesic use prior to TD fentanyl initiation
The majority of the cohort (n = 11,464; 87.1%) had evidence of a dispensing for any analgesic in the 90-day period prior to TD fentanyl initiation; 60.9% (n = 8017) were dispensed a non-opioid analgesic and 69.5% (n = 9160) were dispensed an opioid (Table 2) . Less than one-fifth of the cohort (n = 2304; 17.5%) were only dispensed non-opioid analgesics prior to TD fentanyl initiation. Overall, half of those who were opioid naïve at the time of TD fentanyl initiation had evidence of prior non-opioid analgesic use (n = 2304; 57.5%), mostly paracetamol (n = 1186; 47.1%). Weaker opioids were dispensed to 31.5% (n = 4148) of the cohort and strong opioids to 55.3% (n = 7286). The opioids most commonly dispensed were oxycodone preparations (n = 4986, 37.9%), paracetamol/codeine combinations (n = 2708; 20.6%) and buprenorphine (n = 2535; 19.3%).
Characteristics associated with being opioid naïve
In the adjusted analysis, females were 1.35 (95% CI 1.25-1.46) times more likely to be opioid naïve compared to males (Table 3 ). Compared to those aged 18-44 years, individuals aged 65-84 years were 1.65 (95% CI 1.37-1.99) times more likely to be opioid naïve, while those aged 85 years were 1.88 (95% CI 1.54-2.28) times more likely to be opioid naïve. Individuals dispensed the 12 mcg/h patch strength were 1.56 (95% CI 1.44-1.69) times more likely to be opioid naïve.
Individuals dispensed medicines to treat cancer were 0.57 (95% CI 0.48-0.66) times less likely to be opioid naïve and those dispensed medicines for digestive system diseases were 0.79 (95% CI 0.73-0.86) times less likely to be opioid naïve. Although most mental and behavioural disorders were , Table A2) associated with a lower likelihood of being opioid naïve, those dispensed medicines for dementia were 1.37 times more likely to be opioid naïve (95% CI 1.04-1.80).
Discussion
There is ongoing concern about the safety and appropriateness of fentanyl use both internationally and in the Australian community. The findings from this study therefore provide a timely insight into the manner in which TD fentanyl is initiated in Australian clinical practice. As recommended by treatment guidelines, [7] , initiation on 12 mcg/h preparations (i.e. the lowest strength available) was most common. However, the finding that almost one-third of individuals initiating TD fentanyl appear to be opioid naïve highlights potential safety concerns. Similarly, a previous Australian study among residential aged care facilities in NSW deemed that 34% of residents initiating TD fentanyl were opioid naïve [17] . Encouragingly, the proportion of people who are opioid naïve at the time of TD fentanyl initiation in Australia is substantially lower than in treatment settings across Europe [5, 10] , Canada [11] and the USA [12] . Among those who were opioid naïve prior to TD fentanyl initiation, 58% had evidence of previous non-opioid analgesic use. It is important to note that although treatment guidelines reinforce the need for opioid tolerance prior to TD fentanyl initiation [7] , this is not reflected in PBS subsidy restrictions on the use of fentanyl patches. As with other strong opioids, TD fentanyl is currently listed on the PBS for use in chronic severe disabling pain that has previously been unresponsive to non-opioid analgesics [13] . As such, there is no explicit reference to the need for opioid tolerance to be established, which may contribute to clinicians prescribing TD fentanyl to patients without adequate previous opioid exposure. Updating the PBS listing for fentanyl patch preparations is therefore one potential strategy that can be implemented to improve the safety of TD fentanyl initiation.
Individuals without a history of cancer were more likely to be opioid-naïve at the time of TD fentanyl initiation. This is consistent with the high prevalence of CNCP in the Australian community [26] , and an increasing tendency for CNCP to be managed with strong opioids [27] . TD fentanyl is generally considered a second-line agent in the management of CNCP [7, 28] , with Canadian guidelines further emphasising that of all opioids, codeine use alone is insufficient to establish opioid tolerance [28] . Opioid overdose risk is noted to be highest within the first week after opioid initiation [29] , and although fentanyl-related mortality accounts for relatively fewer opioidrelated deaths overall, the rising trend in fentanyl mortality rates in Australia over the last 12 years remains a concern [30] .
Being female, of older age and having a history of dementia were all independently associated with being opioid naïve at the time of TD fentanyl initiation. These findings are consistent with data from Canada where females and older adults were also more likely to have inadequate opioid tolerance prior to initiation of TD fentanyl [11] . Similarly, in the USA, nursing home residents who were female, older and diagnosed with dementia were also more likely to be opioid naïve at the time of initiation of long-acting opioids [31] . Under-treatment of pain is common among people with dementia [32] , and TD fentanyl offers a convenient and long-acting dose form for patients unable to tolerate oral formulations and who have difficulties managing medicines. However, older adults are also more susceptible to experiencing opioid-related adverse events due to a range of age-related changes in pharmacokinetics and pharmacodynamics [22, 33] , including a decline in central nervous system function resulting in heightened central nervous system sensitivity. These risks are further heightened among those without adequate opioid tolerance. Therefore, where possible, clinicians are encouraged to ensure that adequate opioid tolerance is achieved prior to TD fentanyl initiation and to consider other treatment alternatives. TD buprenorphine for example, offers a better safety profile for older adults while maintaining the convenience of TD administration [22] .
Strengths and limitations
The primary strength of this study was the use of data representing a 10% sample of concessional beneficiaries initiating TD fentanyl in Australia. Consequently, the findings provide nationally-representative data on the characteristics of individuals receiving subsidised medicines in the concessional population. More than 90% of fentanyl utilisation in Australia is PBS-subsidised [34] ; however, given that the cohort was restricted to concessional beneficiaries to determine complete ascertainment of dispensed medicines, the findings may not be representative of the general Australian population. Nevertheless, given that older adults account for the majority of TD fentanyl use in Australia [16] , and also represent the majority of the concessional population [21] , it is highly probable that our data have captured a large percentage of TD fentanyl use in the Australian community. As records of medicines dispensed to hospital inpatients are not captured in PBS data, it is possible that some individuals may have been misclassified as opioid naïve if TD fentanyl was prescribed upon discharge after using other opioids in hospital. However, this is expected to only be relevant to a minority of individuals as TD fentanyl is not indicated for acute pain. Finally, as PBS dispensing records have limited capture of over-the-counter medicines, prior use of non-opioid analgesic preparations and low-dose codeine combinations may have been underestimated. However, given that use of low-dose codeine combinations is unlikely to be sufficient to establish opioid tolerance in most individuals [28] , the impact on the findings of this study are expected to be minimal.
Conclusion
A considerable proportion of Australians are opioid naïve at the time of TD fentanyl initiation. Our findings suggest that specific patient sub-populations already at increased risk of opioid-related adverse events (i.e. older adults and those with dementia) are not receiving prior opioid treatment before TD fentanyl initiation, highlighting the need for additional strategies to promote greater adherence to current treatment guidelines.
